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Article Addendum

Fetal microchimerism (FMC) has 
been described to have a range of 

effects on health and disease. Y-chro-
mosomal DNA has been detected in 
Golden Retrievers suggesting persistent 
FMC. In that report, nine dogs had 
evidence of microchimerism without 
prior pregnancy. To further understand 
this finding, a dam with prior male live 
births giving birth to her fourth litter 
of puppies, all females, was evaluated 
for FMC along with two of her daugh-
ters. All three female dogs had evidence 
of Y-chromosomal DNA in their blood. 
This suggests that male cells carried by 
the dam from previous pregnancy traf-
ficked to her daughters to establish 
microchimerism in younger siblings. 
Companion dogs share many of the same 
cancers as humans, have out-bred genet-
ics, and share the human environment, 
making them optimal models of human 
disease. Understanding the impact of 
FMC on health and disease of dogs could 
elucidate mechanisms useful for clinical 
interventions in humans.

The health impact of fetal microchi-
merism (FMC) appears to range from 
contributions to disease causation to dis-
ease protection.1-3 During the course of 
pregnancy, the feto-placento-maternal 
unit plays an important role in suppress-
ing the maternal immune system, thereby 
facilitating the tolerance of fetal antigens.4 
The survival of fetal cells for years after 
pregnancy suggests persistence of this tol-
erance as well as the possibility that such 
cells could possess self-renewal and clono-
genic properties reminiscent of stem cells. 

The presence of FMC in women has been 
linked to autoimmune and non-autoim-
mune diseases either in a protective or 
contributory role.5 Studies have reported 
the contributory presence of FMC in auto-
immune thyroid disease (Hashimoto’s 
thyroiditis) and Graves disease, with a 
prevalence of 60% and 40%, respec-
tively.6,7 Existing data suggest a protective 
role for FMC in breast cancer, although 
the impact on clinical outcome is less stud-
ied and insufficient cases were analyzed 
to determine statistical significance for 
any given single parameter.3 Interestingly, 
more recent work suggests that in breast 
cancer the correlation of FMC with cancer 
protection is nonlinear, thereby indicating 
that it can have both positive and nega-
tive consequences.8 The persistent toler-
ized condition of FMC appears to reduce 
the likelihood of organ rejection and graft 
vs. host disease (GVHD) in transplant 
patients.9,10 Elucidation of the true impact 
of FMC on these conditions and the thera-
peutic manipulation of FMC for patient 
benefit requires a relevant large-animal 
model of these diseases with naturally-
occurring FMC. Humans’ best friends, 
companion dogs, can provide just such a 
model.

The simplest way to identify the pres-
ence of FMC is to analyze the male micro-
chimeric cells (due to unique presence of 
Y chromosome) in females with previous 
male pregnancy in their blood samples 
or isolated PBMC cells. We recently ana-
lyzed banked whole blood DNA samples 
from Golden Retriever dogs for FMC and 
identified Y-chromosomal material several 
years after parturition.11 Companion dogs 
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have become a focus of interest in cancer 
research because of the outbred nature 
of these dogs, the similarities between 
human and canine cancers, and the shared 
environmental exposures of dogs and 
humans associated with carcinogenesis.12 
Companion dogs are frequently treated 
for osteosarcoma, lymphoma, mammary 
carcinoma, prostate cancer, and brain 
tumors, much like their human compan-
ions.12-16 The identification of microchi-
merism in companion dogs now opens 
the door for both prospective and retro-
spective studies to determine association 
of FMC with disease risk and outcome. 
Y-chromosomal DNA was identified in 
each of the immediately post-parturi-
ent dogs reported previously, support-
ing the high rate of trafficking of fetal 
cells into the dam during pregnancy. In 
addition, the blood of nine nulliparous 
dogs contained Y-chromosome DNA. 
The source of the cells contributing the 
Y-chromosome is speculative, but sibling 
chimerism or maternal male chimeric cells 
trafficking into the fetus are most likely. 
To evaluate this further, the same PCR 
protocol as previously reported11 was used 
to evaluate a dam and two puppies from 
an all-female litter for male microchime-
rism. The dam had three prior litters, the 
second and third of which contained male 
puppies. The delivery of her fourth litter 
was witnessed and she gave birth to four 
live puppies, all female. The results of PCR 
amplification of blood DNA of the dam 
and two puppies are presented in Figure 1. 
The dam is chimeric, presumably from her 

prior litters containing male puppies. Of 
the two female puppies, both were micro-
chimeric with male cells. Amplification 
of the first puppy’s blood DNA yielded a 
band of much greater intensity than either 
the dam’s or the sibling’s. The source of 
this microchimerism could potentially 
be from a resorbed male sibling that was 
never identified, but it is at least as likely 
that the male chimeric cells from the dam 
traversed the placenta and colonized the 
daughters. This is consistent with iden-
tified male chimerism in single female 
human babies.17 The variation in intensity 
of the bands also raises interesting ques-
tions about the establishment of FMC. 
Were the puppies exposed to different 
doses of male cells in utero, is the materno-
fetal interface more or less permissive to 
cell translocation, or are there differential 
responses to cells crossing from the dam 
to foster greater or lesser chimerism? This 
interesting finding further strengthens the 
companion dog as a model to elucidate 
mechanisms of human FMC.

As transplantation medicine grows, 
relevant models for transplantation in 
diseased and treated individuals becomes 
increasingly necessary. The presence of 
FMC has been shown to lower the rates 
of rejection in human renal transplant 
recipients receiving HLA-haploidentical 
organs.9 Mismatched hematopoietic stem 
cell transplants (HSCT) are more likely 
to engraft and less likely to cause serious 
GVHD in patients with FMC than in 
non-microchimeric patients.10,18 Infusion 
of peripheral blood stem cells has resulted 

in regression of a thymic carcinoma from a 
mother to her microchimeric, haploidenti-
cal daughter without resulting GVHD.10 
Donor lymphocyte infusions are used 
therapeutically post-HSCT,19 but may 
have application in microchimeric patients 
to generate anti-tumor immune responses. 
Recently, both auto- and allo-HSCT has 
begun to be clinically employed for the 
treatment of non-Hodgkin lymphoma 
in companion dogs.20,21 These dogs offer 
an opportunity to evaluate the impact of 
FMC in the management of GVHD and 
in modifying conditioning regimens to 
decrease toxicity of the therapy while opti-
mizing rates of engraftment and minimiz-
ing GVHD.

Further studies are ongoing to more 
fully characterize FMC in dogs. Our 
aim is to optimize detection of FMC to 
identify the presence and understand the 
function of these microchimeric cells in 
longitudinal studies. With the shorter 
lifespan and disease course of companion 
dogs, associations with disease and health 
can be more rapidly identified for applica-
tion to human health.
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Figure 1. Gel electrophoresis of nested PCR assay for Y-chromosomal DNA in a dam and two daughters from her fourth litter of only female puppies. 
The first lane is the male control. The second lane is a negative female control. The third lane is a water control. An amount of 100 ng DNA was used as 
the starting template for the test subjects. The fourth lane is the dam which gave birth to three prior litters, two of which had male puppies. The fifth 
and sixth lanes are two daughters from a litter without male puppies.
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